Summary
The atherogenecity of corn oil, hydrogenated corn oil, and butter fat was studied using 57 fourty-day-old male Japanese quails. The animals were fed one of the following diets: basal diet, basal diet with corn oil plus cholesterol, basal diet with hydrogenated corn oil plus cholesterol, or basal diet with butter fat plus cholesterol. Each atherogenic diet contained 15% fat and 2% cholesterol. Marked hypercholesterolemia developed in all fat-fed groups after 3 weeks or 3 months, but no significant difference was seen among the groups. The degree of the luminal narrowing of the ascending aorta and brachiocephalic arteries was highest in the corn oil group and lowest in the hydrogenated fat group. Ultrastructurally, all the fat-fed groups showed similar cellular changes in their aortic lesions. The major cell type of the thickened intima was fi broblast-like cells with or without lipid droplets. Immunohistochemical studies disclosed that alpha-l-antichymotrypsin was strongly positive for fi broblast-like cells in the thickened intima, whereas it was negative for those in the tunica media of the ascending aorta and its branches. These data suggest that hydrogenated corn oil has a less potent stimulating effect on the thickening of the arterial intima than corn oil and butter fat. Key Words atherogenecity, corn oil, hydrogenated corn oil, butter fat, quail aorta
The influence of culinary fats on atherosclerosis is complex because various factors such as dietary levels, composition of fats, and animal species are in volved (1) . Numerous studies have reported that polyunsaturated fatty acids have a * To whom correspondence should be addressed .
T. TODA, N. FUKUDA, and M. SUGANO less hyperlipidemic effect than saturated fatty acids (2) . Consumption of hy drogenated fat instead of butter has currently been increasing (3) . However, data on the effects of traps-fat upon arterial morphology are often conflicting. Swine which were fed hydrogenated fat containing a significant amount of traps-fatty acid developed more atherosclerosis than swine fed other types of fat (4). However, a diet containing hydrogenated fats did not influence atherosclerosis in rabbits in comparison with a diet containing a fat rich in cis-monounsaturated fatty acids (5).
Since consumption of excess fats has been known to be strongly correlated to hyperlipidemia and atherosclerosis in humans (6) and animals (7), it is crucially important to determine whether or not traps-fatty acid contained in fat possesses a more potential quality in atherosclerosis compared to other fats. It has been shown that chickens are sensitive to atherosclerosis and economical to use for experiments requiring large numbers of animals (8) . We surmised that the quail has the same sensitivity to atherosclerosis as the chicken. In addition, it is more economical to use the quail than the chicken in long-term experiments. From these considerations, the atherogenecity of corn oil, hydrogenated corn oil, and butter fat was compared in the quail animal model.
MATERIALS AND METHODS
Animals. Fifty-seven 40-day-old Japanese quails (Nisseizai, Tokyo) were randomly divided into 4 groups and received the following diets for either 3 weeks or 3 months: Group A, basal diet only; Group B, basal diet with 15% corn oil plus 2% cholesterol; Group C, basal diet with 15% hydrogenated corn oil plus 2% cholesterol; Group D, basal diet with 15% butter fat plus 2% cholesterol. The basal diet (Kyoei Co., Ltd., Okinawa) contained l8% protein, 3.8% fat, 6.3% ash, 3.5% fi ber, and 2,842 kcal/kg. The fatty acid composition of various diets was analyzed by gas-liquid chromatography as described elsewhere (9, 10) .
Cholesterol and triglyceride determination. For biochemical studies , birds were deprived of their feed for 16 h before sample collection. Serum cholesterol and triglyceride were determined by the enzymatic methods (TC-S 736, Kyowa, Tokyo, and TG-V3 Nisshin Shoji, Osaka).
Morphological studies. For morphological studies, the proximal 1 cm of the ascending aorta and its large branches with the heart were obtained from the quails fed experimental diets for 3 months. These tissues were fixed in 10% Formalin solution and embedded in paraffin. The paraffin sections were stained with hematoxylin-eosin, Mallory azan, and elastica van Gieson . As previously re ported (11), we measured intimal thickening on the representative three to four arteries in each quail using an ocular micrometer. The severity of arteriosclerosis was expressed as the average degree of intimal thickening of the arteries in each group. Immunoperoxidase staining was performed on paraffin-embedded tissue by the peroxidase-antiperoxidase (PAP) method of Sternberger et al. (12) . Sections were reacted with primary antibodies to beta-lipoprotein , alpha-l-antichy motrypsin, lysozyme (DAKO), OKM1 (ORTHO). For electron microscopic studies, small pieces of the ascending aorta were collected following the sequential fixation procedures: in a 3% glutaraldehyde solution, pH 7. 4, post-fixed in 1% cacodylate-buffered osmium tetroxide, dehydrated in increasing concentrations of alcohol, and then embedded in spur resin. Thick sections were stained with alkaline toluidine blue and examined light microscopically to locate lesions. Ultrathin sections were cut with a Porter-Blum MT-ultramicrotome, stained with uranyl acetate and lead citrate, and examined with a JEM 2000EX electron microscope. Light microscopic observation The histological examination of the ascending aorta and its large branches disclosed wide differences among the various dietary groups as well as among individual birds within a group. The incidence and degree of intimal thickening are shown in Table 3 . Group A was almost free of intimal arterial lesions (Fig. 1) . Slight intimal thickening was seen in Group C (Fig. 2) . Group B exhibited the highest degree of intimal thickening with elastosis among all the groups (Fig. 3) . The thickened intima was accompanied by extensive lipid deposition. Group D displayed moderate intimal thickening with lipid deposition. such as smooth and rough endoplasmic reticulum, pinocytotic vesicles, mitochon dra, and a Golgi apparatus (Fig. 4) . The subendothelial space contained thin blocks of elastin and a ground substance. Several types of cells were observed in the intimal area. Most of the intimal cells showed fibroblast-like features, which were charac terized by a stellate cytoplasmic outline, the presence of long delicate finger-like extensions of cytoplasm as well as the absence of a basement membrane or peripheral dense bodies. Another cell type was a smooth muscle cell having a basement membrane, peripheral vesicle, peripheral dense body, and packed myofilament. Monocytes and granulocytic leucocytes were infrequently observed. Some elastic fibers were surrounded by slender cell processes of fibroblast-like cells.
RESULTS

Serum lipids
The media was composed of muscular and nonmuscular lamellae. Nonmuscular lamellae contained fibroblast-like cells, elastic fibers, collagen fibers, and a ground substance (Fig. S) . The media closest to the intimal area contained activated smooth muscle cells with abundant endoplasmic reticulum, free rtbo somes, and mitochondria. Compared with smooth muscle cells of the intimal area and inner media, the smooth muscle cells of muscular lamellae of the middle layer of the media showed a more mature form. Some of the narrow intercellular space contained unit elastic fibers. Thick elastic fibers were present in the deeper layers of the tunica media. No junctions were observed between fibroblast-like cells and smooth muscle cells.
Fat-fed Groups B, C, and D showed a basically identical ultrastructure of the ascending aorta except for the extent of intimal thickening and lipid deposition. Therefore, the ultrastructual findings in all fat-fed groups are described together. Endothelial cells tended to be cuboidal and had numerous surface processes. Cytoplasmic lipid droplets were sometimes noted, There were many foam cells in both the intimal area and inner media. Many of these foam cells displayed characteristic features of fibroblast-like cells or macrophages (Fig. 6) . Macrophages with or without lipid droplets occasionally penetrated the endothelium. The stroma in these intimal lesions contained a large amount of extracellular lipid granules, cell debris, and collagen fibers. Smooth muscle cells in the thickened intima and the inner media had fewer myofilaments and more rough and smooth endoplasmic reticulum. Small lipid droplets were occasionally found in such activated smooth muscle cells. Fibroblast-like cells contained more lipid droplets of various sizes and densities than smooth muscle cells (Fig. 7) .
Immunohistochemical observation
Beta-lipoprotein, which has been reported to be an atherogenic lipo protein (13) , was diffusely demonstrated in the thickened intima and inner media of the ascending aorta and its large branches from all fat-fed groups. The beta lipoprotein positive intimal cells, which were present in the superficial layer of the intima, strongly reacted with anti-OKM1 antibody and with anti-lysozyme anti body (Fig. 8A) . Alpha-l-antichymotrypsin, which is known to be a useful marker of histiocytic tumors (14) , was more intense for fibroblast-like cells in both the deeper portion of the thickened intima and the inner media than for those of the middle layer of the tunica media (Fig. 8B ).
DISCUSSION
Previously we undertook a comparative study on the atherogenecity of various culinary fats without cholesterol supplementation in a swine animal model; no significant changes were noted in serum cholesterol and coronary arteries of animals which were fed diets supplemented with either 8.3°%butter fat or 8.3% hy drogenated fat (11), whereas when the level of fat content in the diet was increased to 17%, there was a significant increase in the serum cholesterol level and thickness of coronary arterial intima of swine which were fed butter fat (15) . As shown in Table 1 , the hydrogenated fat-containing diet used in this study contained 36 traps-fatty acid and 26% saturated fatty acid which is almost identical to the dietary composition in our previous swine experiment.
In this experiment, supplementation of 2% cholesterol and l5% fat to the diet resulted in marked hypercholesterolemia in all the fat-fed groups. However, the morphological result in this experiment was clearer than that in the previous swine experiment. The degree of intimal thickening of the ascending aorta and its large branches was less in the group fed a diet containing hydrogenated fat and cholesterol than in the other two groups fed a diet containing corn oil or butter fat and cholesterol. Hirata et al. (16) investigated the effect of 10% corn oil and 10% hydrogenated corn oil on lipid metabolism in hamster and found, using agar gel electrophoresis, more significant slow alpha band, which is possibly identical to atherogenic HDLC, in the groups fed corn oil than in the groups fed hydrogenated corn oil.
The atherosclerosis process involves degeneration and proliferation of arterial intimal cells (17, 18) . Degenerate or dead cells without stainable lipid were fre quently seen in the aortas and coronary arteries of the animals which were fed hydrogenated fat (11, 15, 19) . However, the recent studies indicate that proliferation of intimal cells is a more important factor than degeneration of those cells in atherogenesis (20, 21) . The arterial intimal thickening in most animals and in humans is characterized by the proliferation of smooth muscle cells (22) . Apart from these results, the fibroblast-like cell was the major cell type of the proliferating intimal cells in the thickened aortic intimal lesions in the quail animal model. The presence of foam cells and extracellular lipid in the arterial intima is one of the characteristic features of atherosclerosis (23) . The origin of foam cells is believed to be the hematogenous macrophage (24) and smooth muscle cell (25) . An immu nohistochemical study disclosed that the superficial layer of the lipid-rich arterial lesions contained macrophage-derived foam cells. At the same time, most of the foam cells in the lipid-rich quail aortic lesions derived from fibroblast-like cells. The lipid-rich arterial lesion was smaller in the group fed hydrogenated fat than in the two groups fed corn oil or butter fat and cholesterol. These results might be in accordance with the results that elaidic acid is less efficiently utilized for cholesterol ester synthesis than the other fatty acids such as oleic, palmitic, and linoleic acids (26) .
Finally, the present results indicated that hydrogenated corn oil containing traps-monoene fatty acids, in comparison with corn oil or butter fat, exerted a less stimulative effect on the proliferation of arterial intimal cells, an important key factor in atherogenesis. We share the opinion of Kim et al. (27) who estimated that comparative atherogenic risk of food fats based on response of serum cholesterol alone may mask important atherogenic differences. Extensive study on atheroge necity of various kinds of culinary fats, including hydrogenated fats , in quail is under way in our laboratory.
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